We present mid-infrared spectra and photometry of thirteen redshift 0.4 < z < 1 dust-reddened quasars obtained with Spitzer IRS and MIPS. We compare properties derived from their infrared spectral energy distributions (intrinsic AGN luminosity and far-infrared luminosity from star formation) to the host luminosities and morphologies from HST imaging, and black hole masses estimated from optical and/or near-infrared spectroscopy. Our results are broadly consistent with models in which most dust reddened quasars are an intermediate phase between a merger-driven starburst triggering a completely obscured AGN, and a normal, unreddened quasar. We find that many of our objects have high accretion rates, close to the Eddington limit. These objects tend to fall below the black hole mass -bulge luminosity relation as defined by local galaxies, whereas most of our low accretion rate objects are slightly above the local relation, as typical for normal quasars at these redshifts. Our observations are therefore most readily interpreted in a scenario in which galaxy stellar mass growth occurs first by about a factor of three in each merger/starburst event, followed sometime later by black hole growth by a similar amount. We do not, however, see any direct evidence for quasar feedback affecting star formation in our objects, for example in the form of a relationship between accretion rate and star formation. Five of our objects, however, do show evidence for outflows in the [O III]5007Å emission line profile, suggesting that the quasar activity is driving thermal winds in at least some members of our sample.
INTRODUCTION
The study of quasars across cosmic time has proven to be important as their evolution and growth is intimately linked to that of their host galaxy. Mergers have long been invoked as the primary ignition mechanism of quasar activity, at least for the high luminosity objects (Sanders & Mirabel 1996; Urrutia et al. 2008; Bennert et al. 2008) . The loss of angular momentum during a gas rich merger allows the gas to be funneled to the center igniting a starburst and fueling the central black hole. In this model, eventually the quasar grows strong enough and develops a feedback mechanism that expels the obscuring material and shuts off star formation (Silk & Rees 1998; Hopkins et al. 2008 ). This scenario is further supported by the existence of tight correlations between the properties of galaxy bulges and their central black holes (Magorrian et al. 1998; Ferrarese & Merritt 2000) .
Putting the picture together observationally is challenging, however. Populations of quasars selected via different techniques, although overlapping, differ substantially in their detailed properties and may bias towards a particular type of quasar or evolutionary phase e.g. AGN selected in the infrared may belong to different class or evolutionary phase than AGN selected in the radio or optical regime (Hickox et al. 2009 ). In an ideal survey we would be able to select quasars at specific points in their lifetimes. For example, to test a starburst-AGN connection we would prefer to select young, recently ignited objects to see if there is still star formation occurring in the host galaxies, and to identify likely feedback mechanisms.
One approach to finding candidates for young quasars is to search for dust obscured quasars that may correspond to objects yet to fully clear out the dust and gas surrounding them. Conventionally, obscured quasars are divided into two classes: (1) the so-called type-2 quasars -objects showing only narrow emission lines with large inferred extinctions (A V > 5 − 100) towards the nucleus, most likely caused by a torus surrounding the accretion disk as required in the AGN "unification by orientation" model (e.g., Antonucci et al. 1993; Urry & Padovani 1995) and (2) moderately reddened quasars (A V ∼ 1 − 5), which still show broad emission lines in the rest-frame optical, and whose continuum is still dominated by the quasar rather than the host galaxy. These latter objects are obscured by a cold absorber along the line of sight to the quasar, most likely in the host galaxy. They may thus represent the young objects in the final stages of emerging from their dusty cocoons. Throughout this paper the terms red, dustobscured and moderately reddened quasars all refer to the latter category of objects.
Dust obscured quasars of all types are missing from, or are severely underrepresented in optical surveys, but are present in the radio (e.g., White et al. 2003) , in the X-ray (e.g., Hickox et al. 2007) , when selected on the basis of narrow optical AGN emission lines (Zakamska et al. 2003) , or when selected in the near-infrared (Cutri et al. 2001) . Mid-infrared surveys (e.g., Lacy et al. 2004 Lacy et al. , 2007a Stern et al. 2005; Alonso-Herrero et al. 2006; Donley et al. 2007 ) have also been extremely successful at finding and identifying obscured quasars over a wide range of reddenings, redshifts, and luminosities. Surveys combining deep radio and mid-infrared data show that the optically-and/or X-ray-selected quasar population constitutes less than half of the total population of quasars (Donley et al. 2005; Martínez-Sansigre et al. 2005) . Joint selection using radio and near-infrared, as used for the sample in this paper, has proven to be one of the most reliable ways to select the moderately obscured quasar population. The requirement of a bright radio source and very red optical through near-infrared colors results in a set of candidates with relatively little contamination from normal galaxies, low luminosity AGN and stars Lacy et al. 2002; Glikman et al. 2004 Glikman et al. , 2007 Glikman et al. , 2012 ; Urrutia et al. 2009 ).
The success of the Spitzer Space Telescope (Werner et al. 2003) has allowed for the detailed study of quasars in the mid-infrared. Programs with the Infrared Spectrograph (IRS; Houck et al. 2004) , in particular, have refined our knowledge of QSO spectral energy distributions (SEDs) in the mid-infrared. For example, the detection of silicate in emission in IRS spectra of quasars is a strong support for the unification model (Hao et al. 2005; Siebenmorgen et al. 2005) . Average properties of classes of objects using IRS spectra (e.g, Spoon et al. 2007 ) have allowed us to constrain the physical properties of dust in AGN (e.g., Nikutta et al. 2009 ). On average the spectra of luminous quasars are flat, show little or no PAH emission and the silicate features are in emission, associated with dust re-emission. In contrast, the spectra of Ultraluminous Infrared Galaxies (ULIRGs) show a steep rise towards the long wavelengths, moderate PAH emission and silicate absorption troughs associated with embedded star formation ). However, some type 2 and some reddened quasars at moderate to high redshifts show deep silicate absorption features (Lacy et al. 2007b; Martínez-Sansigre et al. 2008; Zakamska et al. 2008 ) in contrast to samples of X-ray selected Type-2 quasars, in which they are generally weak (Sturm et al 2006) .
The Multiband Imaging Photometer for SIRTF (MIPS; Rieke et al. 2004 ) on board Spitzer has also allowed us to sample the colder part of the galaxy SED. While AGN dominate the bright 24µm population (Donley et al. 2008) , the Spitzer 70µm field population is dominated by ULIRGs which have a high merger fraction (Kartaltepe et al. 2010a,b) . However, AGN and quasars still make up a significant fraction of 70µm sources, and high star formation rates in quasar hosts are common (e.g. Schweitzer et al. 2006; Netzer et al. 2007 ). Consistent with those results Shi et al. (2009) find that Type-1 quasars show star formation rates higher than the field galaxies, with luminosities typical of Luminous Infrared Galaxies (LIRGs, L IR = 10 11−12 L ⊙ ). In particular, dust reddened quasars have been found to have higher than usual 60/12µm luminosity ratios, an indicator of higher star formation rates (Georgakakis et al. 2009 ).
In this paper we will describe Spitzer IRS and MIPS observations of 13 redshift 0.4 < z < 1 reddened quasars selected using joint radio and near-infrared selection for which we have also obtained Hubble Space Telescope (HST) observations (Urrutia et al. 2008) . We use these observations to estimate the intrinsic luminosities of the quasars, and to estimate or constrain the star formation rates in the host galaxies. We then evaluate the evidence that this population corresponds to an intermediate stage in quasar evolution by estimating black hole masses and accretion rates, comparing our HST host galaxy luminosities and morphologies to the other properties, and by searching for evidence of feedback processes at work in the hosts. Throughout this paper we adopt a flat Universe, H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7 cosmology.
QUASAR SAMPLE AND OBSERVATIONS
In the past few years we have been selecting a sample of luminous lightly-obscured quasars using a combination of the FIRST radio survey (Becker et al. 1995) , the 2MASS near infrared survey (Skrutskie et al. 2006 ) and the Cambridge APM scans of the POSS plates. Using a J − K > 1.7 and R − K > 4 color wedge for the matched point sources, we have been very effective in finding these so-called red quasars with spectroscopic follow up at Keck (ESI) and IRTF (Spex) (Glikman et al. 2004 (Glikman et al. , 2007 Urrutia et al. 2009 ). Even though the survey is radio selected, most of the objects rather fall in the radio intermediate regime than radio-loud, so it is unlikely that the redness of the objects comes from a synchrotron component, but is in fact associated with dust-reddening. Furthermore, the excess of steep spectrum sources at faint radio fluxes and the point-source nature of the radio sources leads us to expect that the nature of the radio emission is due to a quasar and not from star formation (Glikman et al. 2007 ). As of early 2012, we have well over 120 spectroscopically confirmed red quasars found with this method (Glikman et al. 2012) .
These red quasars are highly luminous and only moderately reddened (A V ∼ 1−5 mags), so they outshine their host galaxies in the rest-frame optical, and are thus not red due to galaxy starlight. Their spectral energy distributions (SEDs) are generally well fit by reddening a standard quasar template spectrum using an SMC dustreddening law. It is only in the rest-frame UV, where the quasar light is heavily extinguished, that the host galaxy starts to play a role in terms of overall flux density. See Glikman et al. (2007) ; Urrutia et al. (2009) for in depth discussions of how reddening is estimated for these objects.
A representative sample of 13 dust-reddened quasars with 0.4 < z < 1 were followed up with the ACS Wide Field Camera on HST with the F475W and F814W filters. These are very luminous quasars at z ∼ 0.7 having intrinsic absolute magnitudes in the range −23.5 ≥ M B ≥ −26.2. The host galaxies show a high amount of interaction: 85% of the images show evidence of morphological disturbance (Urrutia et al. 2008) . We also observed that the more reddened the objects were, the more disturbed their morphologies (as measured by the Gini coefficient combined with the Concentration Index (Lotz et al. 2004; Abraham et al. 2003) ). These results support the merger-induced origin for high luminosity quasars. Figure 1 . Stacked IRS rest-frame spectra of red quasars. The spectra are normalized to 1 at 15 µm and offset. The dashed lines denote the central wavelengths of the family of PAH emission features at 6.2, 7.7, 8.6, 11.2, and 12.7 µm. The shaded region represents the typical region (8.0-12.0 µm) where the 9.7 µm silicate absorption feature is seen.
We followed up this sample of 13 red quasars with the MIPS and IRS on board the Spitzer Space Telescope (PID 40143). The IRS observations were made with the ShortLow (SL; ∆λ = 5.2-14.5 µm) and Long-Low (LL; ∆λ = 14.0-38.0 µm) modules of the IRS, (with some of the highest redshift objects not using the SL2 5-7.5 µm module). We also obtained MIPS 24µm, 70µm and 160µm photometry (with the lowest redshift objects not being observed at 160 µm). Table 1 provides the details for our Spitzer observations, including the IRS and MIPS AORIDs as well as the MIPS 24, 70, and 160 µm fluxes.
Our infrared spectra and photometry were used for a number of purposes. We can infer star formation rates from the PAH emission in the IRS spectra and the farinfrared excesses from the MIPS photometry. The silicate feature at 9.7 µm provides us with an estimate of the cold dust obscuration, and the mid-infrared continuum emission provides an estimate of the intrinsic (unreddened) quasar luminosity. Near-infrared and optical spectra of these objects are shown in Glikman et al. (2004 Glikman et al. ( , 2007 , though we obtained an additional spectrum of FTM1507+3129, see Section 4.1.11.
DATA REDUCTION AND ANALYSIS
The IRS spectra were reduced in the following manner. First we removed the bad or hot pixels using the IDL program irsclean.The resulting spectra were background subtracted by differencing the first and secondorder apertures. They were then extracted and flux calibrated using SPICE version 2.0.1 provided by the Spitzer Science Center. Finally, the different orders were stitched together using a weighted average in the overlapping orders, with no significant scaling adjustments needed in the order-to-order jumps. A plot of the 13 different normalized spectra can be seen in Figure 1 .
We used the post-BCD products for the 24 µm MIPS images, as the quality was excellent and there was no need to re-mosaic them. For the 70 and 160 µm data we re-mosaiced the data using MOPEX version 18.2.2 with the default parameters. We employed two methods for the photometric measurements: (a) The APEX package within MOPEX with the default parameters and PRFs for pointsource photometry and (b) SExtractor aperture photometry with standard point-source aperture corrections provided by the Spitzer Science Center 7 . We used 10% errors for the 70 and 160 µm sources, as MOPEX tended to underestimate the errors.
IRS spectral analysis
For all the IRS spectra in our sample we measured the equivalent width (EW) of the 6.2 µm PAH emission as well as the strength of the 9.7 µm silicate absorption feature following the methodology presented in Spoon et al. (2007). In short the PAH EW is obtained by integrating above a spline interpolated continuum, while the silicate feature strength is inferred from the ratio between the observed and continuum flux density:
The values are given in Table 2 and plotted in Figure 2 . We discuss the results in the diagram in Section 4.
Multiwavelength Modeling
To obtain a complete view of the physical phenomena that are affecting the quasar, we modeled the SEDs of our sample from the optical out to the mid-infrared. We used the available u, g, r, i, z-band SDSS photometry 8 in the optical. In addition, we used 2MASS (Skrutskie et al. 2006) , WISE Band 1+2 (Wright et al. 2010) , our MIPS photometry and IRS mid-IR spectra.
8 Except for F2M0729+3336, which has no SDSS coverage. We obtained synthetic photometry corresponding to the SDSS filters from the optical spectrum
To model the SEDs we used a phenomenological model based on that of Sajina et al. (2006) due to the current lack of a good physical understanding of the nature and geometry of the dust emitting regions. Many of the parameters thus do not have a direct physical interpretation. Nevertheless, we considered the effort worthwhile as it allows an empirical breakdown of the contributions of starlight, hot dust emission from the AGN, and cooler dust emission from star formation. The model fits are shown in Figure 3 . Full details of the model components as applied to quasars are given in Hiner et al. (2009) , but are summarized below.
(1) The composite quasar spectrum. As the composite of Vanden Berk et al. (2001) suffers from noticeable host galaxy contamination at the long wavelength end, we constructed a new composite by subtracting the continuum from the composite of Vanden Berk et al. (2001), and adding the residual emission line composite to a new continuum constructed using line-free optical/near-infrared SED points from the composite of Richards et al. (2006) . In Figure 3 this is the green line.
(2) A power-law component for the mid-infrared emission, with an exponential cutoff at short wavelengths to represent dust sublimation, and a Fermi function cutoff at long wavelengths. The functional form used was:
where the normalization, L 0 AGN , power-law index α and T sub (a proxy for the sublimation temperature) are allowed to vary, and ν hcut and w were fixed at 0.11×10
14 Hz and 0.017×10
14 Hz, respectively (h and k B are the Planck and Boltzman constants, respectively). This component is represented by the magenta line in Figure 3 . After addition, components (1) and (2) were reddened by the Galactic Center extinction curve of Chiar & Tielens (2006) to fit any silicate absorption feature.
(3) A warm dust component to represent the small grain emission from Hii regions, represented by a powerlaw with fixed high and low frequency cutoffs:
this component is poorly constrained in most of the fits, so γ was fixed at a typical value of two (e.g. Sajina et al. (2006) ). The high and low frequency cutoffs, ν sgl and ν sgh were set to 0.062×10 14 Hz and 0.17×10 14 Hz, respectively. Figure 3 shows this component in light blue.
(4) a thermal greybody model for the far-infrared emission:
For all of the objects, we fixed the temperature of this component, T , to 40K, because of the uncertainty in our 160µm photometry. β was fixed at 2.0 as above (Dunne & Eales 2001) . In Figure 3 this is represented with a dark blue line.
(5) Many quasars objects also required an extra nearinfrared component to match the SEDs. This "very hot" component was modeled as a 1000K black body (equation 4 with T = 1000). The physical origin of this component is unclear, but it is most likely due to hot dust close to the sublimation radius (e.g., Glikman et al. 2006; Netzer et al. 2007; Mor & Trakhtenbrot 2011) . This last component can be seen in grey color in Figure 3 .
In addition, we tried to add a PAH model as described in Lacy et al. (2007b) , however PAH emission was relatively minimal and did not improve our fits. We therefore excluded this component in the fitting process. The contribution from starlight is so small compared to the quasar and star formation components at all wavelengths except bluewards of ≈5000Å, so we decided to ignore the stellar contribution in our fitting process.
Most of our quasars are well-fit by this model, with relatively small χ 2 /dof values, but in some cases the fit at the near-IR regions of the spectrum described by 2MASS magnitudes provides is poor. This is most likely due to the host galaxy emission dominating the optical and/or near-infrared passbands.
In the cases where the model fit the broadband SED well, the reddening values derived from the Silicate absorption feature were in general agreement to the values of E(B − V ) derived from the SMC continuum fit to the optical spectrum (Glikman et al. 2007; Urrutia et al. 2009 ), confirming cold dust as the absorbing and reddening mechanism in these systems (see Table 2 ). However, in four cases (F2M0915+2418, F2M1151+5359, F2M1507+3129 and F2M1532+2415) there was no Silicate in absorption to account for the reddening seen in the optical and near-infrared. In those cases, we artificially fixed the extinction τ V that would've been derived from the fit from the IRS spectrum manually. These objects have their modeled extinctions marked with a star in Table 2 and their fixed extinctions labeld in Figure 3 .
We then derived the obscured quasar luminosities by integrating over the quasar components (1)+(2); the intrinsic luminosities quoted in Table 2 are then derived by accounting for the extinction obtained from the Silicate absorption fit. Since the AGN contribution is well constrained by the IRS spectrum and optical/near-IR photometry points, the uncertainties are overall small ( 0.2 dex) and only pertain to the accuracy of the Silicate absorption feature. The FIR/Starburst contribution was taken solely from the integration of the two dust bumps (light and dark blue; (3)+(4)), not from any component in the optical regime. Since that FIR contribution is largely determined by the 70 and 160 µm photometry points alone, it has the largest uncertainties in the contribution (≃ 0.5 dex). The Starburst contribution ranges from log(L FIR /L ⊙ ) = 10.67 -12.67, placing the host galaxies of red quasars roughly in the LIRG regime. For the QSO contribution, we find them to have bolometric luminosities in the range of log(L QSO /L ⊙ ) = 12.03 -13.37. These are very large values, placing these quasars among the brightest in the Universe in the IR furthermore strengthening our previous conclusion that we are only probing the tip of the quasar luminosity iceberg (Glikman et al. 2004 (Glikman et al. , 2007 Urrutia et al. 2009 ).
Black hole masses and accretion rates
We estimated black hole masses (M BH ) for the twelve of our thirteen quasars for which broad lines were visible in either the optical or near-infrared spectra (Table 3) . Hβ was our preferred line as it is relatively isolated, and most quasar black hole mass estimates are calibrated on it, but in most cases the broad Hβ line was too heavily extinguished, so a longer wavelength line such as Hα or Paβ was used (Paβ was generally preferred as it is free of contaminating narrow lines). This assumed that the Hβ, Hα and Paβ lines have the same velocity widths, but was indeed the case (within the errors) for the objects in which we could measure two or more broad line widths Table 2 Parameter results from multiwavelength fitting
12 Black hole mass estimates were then calculated using the broad-line widths and quasar luminosity assuming a broad line region radius, R BLR : (Bentz et al. 2009 ) with K = −21.3 and α = 0.519 and estimating the intrinsic luminosity at 5500Å ,λL λ (5100A) by measuring the quasar luminosity at a rest-frame wavelength of 15µm (where extinction should be negligible) and applying the ratio of the bolometric corrections at 5100Å (12) to the correction at rest-frame 15µm (9.0) from (Richards et al. 2006) . The black hole mass estimate, M BH is then given by:
where σ is the velocity dispersion of the broad line, G is the gravitational constant, and we assume a geometric correction factor of f = 5.5. The Eddington luminosity is:
and Eddington ratios are estimated by dividing the intrinsic luminosity of the quasar from the fit by the Eddington luminosity.
RESULTS
We first place our red quasars into the context of other luminous infrared galaxies using the Spoon et al. (2007) (Figure 2 ). This plot of silicate absorption depth versus PAH equivalent width separates the known classes of infrared-luminous galaxies into two. One sequence extends from region 1C (comprised mostly of starburst dominated objects) into 1A (comprised mostly of IR-bright quasars) as continuum replaces PAH emission in objects with little silicate emission or absorption. We plot this sequence with cyan double arrows in Figure 2 . The second sequence extends from 1C through 2B through 3A in which objects again become continuum dominated, but with high silicate absorption depths (the "warm ULIRG" population), shown with magenta double arrows in Figure 2 .
Normal quasars are typically found in region 1A, as are the majority of our dust-reddened objects, but the fact that we see one object firmly and one barely in the the sparsely populated quadrant 2A of the diagram is noteworthy. Such objects are rare in most compilations of galaxies and AGN and are believed to be part of a transitioning population, confirming that we have indeed located an interesting class of object, perhaps intermediate between the heavily absorbed warm ULIRGs and the normal quasar population. Also, it is worth mentioning that none of the sources show silicate in emission, which is unusual for these very IR-bright quasars; it's possible that in some of the objects (like the four we had to fix the Silicate absorption manually in the SED fitting) the silicate absortion is missing because it is being filled with an emission bump.
The results of the fitting ( Figure 3 and Table 2 ) show that the AGN component dominates the bolometric luminosity in all cases, with most of our objects having measurements or limits on their far-infrared luminosities corresponding to star formation rates of ∼ 10 − 300M ⊙ yr −1 using the Kennicutt et al. (1998) conversion between far-infrared luminosity and star formation rate. Such star formation rates indicate luminous starbursts, but not at the level at which they are adding significantly to the stellar mass of the host galaxies.
Next we consider the accretion luminosities of our objects. Our objects span a wide range of luminosities rela- c rest-frame B-band luminosity of the extended host galaxy (all components) ("mono" luminosity in table 6 ). The B-band luminosities were estimated from the observed I-band fluxes assuming a stellar SED flat in F λ to perform the small k-corrections required to map observed I-band to rest-frame B-band. d limit on the black hole mass assuming Eddington-limited accretion.
tive to the Eddington Limit (L Edd ), including many objects with high luminosities when compared to typical quasar Eddington Ratios ∼ 0.1 (e.g., Steinhardt & Elvis 2010) . This could be an artifact of partial obscuration, for example, if the inner broad line region, where the linewidths are greatest, remains somewhat obscured. However, where we are able to measure the widths of multiple broad lines in the same object, the linewidths are very similar irrespective of wavelength, making this latter possibility unlikely. Figure 4 displays the black hole mass of our quasars versus their host luminosity, left for the central bulge component and right for the total host light. The central bulge luminosity was derived by fitting the brightest host galaxy components, while the total luminosity component included the flux in disturbed, outlying components, both after subtraction of the quasar nucleus (see Urrutia et al. (2008) for an in depth discussion on the AGN -host galaxy fitting). Objects with high accretion rates (above 0.3 Eddington) are plotted in red, objects with low rates in blue. The Figure shows that there is very little correlation between the black hole masses and the corresponding galaxy luminosities, either of the fitted central galaxy component or to the total host galaxy light. However, none of our black hole masses exceed the black hole mass -bulge luminosity relation (Marconi & Hunt 2003) by a large factor, also when corrected for evolution according to Bennert et al. (2010) , even when only the central component of a merging system (defined as the one containing the quasar nucleus) is considered. The fact that we find a significant fraction of our objects with high accretion rates below the black hole mass -bulge luminosity relation leads us to speculate that they are young, just ignited black holes. Their growth has started after the host galaxy growth via a starburst event, yet since they are accreting at such high rates they will move onto the "classical" relation within ∼10 7 years. In Figure 5 we plot both the total FIR-luminosity against the AGN luminosity, and the ratio of accretion rate to the Eddington limit of the quasar against the ratio of the far-infrared luminosity to the B-band luminosity of the host galaxy (a proxy for the specific star formation rate). There is a hint of a correlation between the total FIR luminosity and AGN luminosity (as found for nearby quasars, Netzer et al. 2007 ), though it is not tight. There seems to be no relation between the massnormalized quantities of specific star formation rate and accretion rate relative to the Eddington Limit.
Finally, in Figure 6 , we examine the relationship between the host galaxy morphology and the star formation rate and AGN accretion rate. In order to quantify the degree of disturbance of the host we use the ratio of Gini Coefficient (G) to Concentration Index (C). We showed in Urrutia et al. (2008) that the combination of these two quantities gave a robust indication of the degree of disturbance of the host galaxy. We therefore define a "disturbance parameter", D = G/C. This quantity is approximately unity for normal galaxies (Abraham et al. 2003) , but is significantly greater than unity for highly disturbed systems. There is a weak (though not statistically significant) trend for high accretion rate objects to have more disturbed morphologies, though there is no apparent trend with specific star formation rate.
DISCUSSION
Our aim in this study was to determine whether the infrared properties of these dust-reddened objects were consistent with the merger-driven co-evolutionary model for the growth of SMBH and their host galaxies. In particular, whether these objects are an intermediate stage between a merger-induced starburst and a "normal" quasar with an unreddened, blue continuum, with AGN feedback having stopped further star formation in the host. Our results seem to be consistent with this overall picture, but we see considerable variation in properties such as silicate absorption depth, star formation rate and AGN accretion rate on an object-by-object ba- . Black hole mass versus host luminosity for our red quasars. Left: using the model fits to the brightest host galaxy component of Urrutia et al. (2008) , right: using the total host luminosity, including the flux in disturbed, outlying components not well-fit by the model. Cyan symbols denote objects accreting at <30% of the Eddington rate, red points objects with accretion rates >30% Eddington, the object with a limit only on its black hole mass (assuming Eddington-limited accretion), F2M1118-0033, is shown as a black dot. The red dashed line is the local black hole mass -bulge luminosity relation from van der Marel (1999), the black dashed line is the relationship at z ∼ 0.7 (interpolated from Merloni et al. 2010 ). Most of our high accreting object lie below the black hole mass -bulge luminosity relation. Figure 5 . The log of the ratio of far-infrared luminosity to host luminosity in B-band (as a proxy for the specific star formation rate) is plotted against the accretion rate relative to the Eddington limit. Symbols are as in Figure 4 . While the most luminous quasars also show the highest luminosity in the FIR, there is no correlation between the inferred star formation and accretion rate of the quasar.
sis. Much of the object to object variation is due to the heterogeneity of our sample; some have high reddenings, morphological disturbances, some do not. While they all are luminous quasars, they do span a large range in luminosities, too. In the overall picture, however, trends are evident. If an object is morphologically disturbed, it is much more likely to have a high Eddington ratio and to show Silicate in absorption (be reddened by cold dust). Similarly, the two quasars which did not show any signs of merger interaction in Urrutia et al. (2008) also do not display high Eddington ratios or Silicate in absorption and therefore should not be included characterized as "young quasars". Not all dust-obscured quasars fit in the co-evolutionary scenario, but statistically, it is the most likely explanation and therefore our conclusions are to be taken as such.
All these objects have mid-infrared (AGN) luminosities in excess of their far-infrared (presumed starburst) luminosities. This dominance of the AGN suggests that AGN feedback processes, if they are indeed important, will have started to have their impact on star formation in the host galaxy as we would have expected the starburst component to have dominated otherwise. We do not see any obvious quasar feedback "smoking guns"; broad absorption line features from AGN Morphological distortion versus the log of the ratio of far-infrared luminosity to host luminosity in B-band, an indicator for star formation. While there could be a hint of a correlation between the amount of host disturbance and the accretion rate, there is no correlation found for star formation versus the host disturbance.
thermal winds, for example, are not present in any of our objects which are of high enough redshift to see Mg II absorption (z > ∼ 0.7). However, experience from Urrutia et al. (2009) , has shown that for the red quasars selected using our criteria the spectrum below ≈ 5000 A is so extinguished that even deep absorption features are difficult to detect in objects with z < ∼ 0.9. Only three of our objects (F2M0729+3336, F2M1012+2825 and F2M1507+3129) have appropriate redshifts, and F2M0729+3336 is too noisy to detect absorption features. Nevertheless, an excess of low-ionization, broad absorption line quasars has been found in our full sample of red quasars, Urrutia et al. (2009) , and a tentative relationship between wind properties and star formation seen has been seen by Farrah et al. (2012) in samples of reddened quasars.
Blueshifted wings to [O III]5007Å, with velocities relative to the line peak of up to ∼1000 km s −1 are seen in five of our thirteen objects (F2M0729+3336, F2M0825+4716, F2M0915+2418,  F2M1118-0033, F2M1151+5359 ). Of the four of these for which we can estimate accretion rates, three have accretion rates just exceeding the Eddington limit, possibly indicating a link with extremely high accretion rates, but the star formation rates in the hosts vary widely. We also lack any information on the spatial extent of these outflows, which may be confined to the nuclear regions. Blueshifted [O III] line components are common in compact radio sources: Holt et al. (2008) propose that these components are due to outflows of gas driven by the radio jets. The radio sources in our quasars are however significantly less luminous than those in the radio galaxies studied by Holt et al. (2008) . Radio-quiet type-2 luminous quasars at low redshift also tend to show outflows in [O III]5007Å emission (Greene et al. 2011a ), suggesting that these are not confined to radio sources, though the most spectacular object in the Greene et al. (2011a) sample, J1356+1026, is a relatively strong radio source (Greene et al. 2011b) . Clearly the role of radio jets in powering these outflows needs to be established.
In agreement with the evolutionary model, we see a large fraction of objects with high black hole accretion rates, consistent with the idea that quasar accretion rates are high in the early phase of growth. The objects with the highest accretion rates also tend to fall below the local black hole mass -bulge luminosity relation by ∼ 0.5dex; none of our objects with lower accretion rates are found there. This offset from the local relation is consistent with a picture in which the black hole is yet to grow to its equilibrium size following a major merger. It is also broadly consistent with numerical simulations of black hole growth in quasar merger scenarios, in which the total black mass hole grows by about 0.5 dex with every major merger event (e.g., Li et al. 2007, figure 10) . Sarria et al. (2010) also find that their luminous, dustobscured quasars at z ∼ 2 fall below the black hole mass -bulge mass relation at that redshift. An interesting exception is F2M0915+2418, which has a high accretion rate, but falls close to the black hole mass -bulge mass relation. This object also has one of the highest star formation rates in the sample, however, allowing it to evolve along a trajectory that will keep it close to the black hole mass -bulge mass relation.
We do, however, have some remaining puzzles, where our data do not fit in with the most naive expectations of the evolutionary model. In Urrutia et al. (2008) we saw a relationship between D and the amount of reddening in the host, but in Figure 6 there seems to be little correlation between the degree of disturbance of the host galaxy and the star formation rate, except that all high accreting quasars are also disturbed to some degree. There may, however, be a very weak trend for objects with high accretion rates relative to the Eddington Limit to have high values of D, see Figure 6 . Similarly, there is no clear mor-phological trend related to the offset of the quasar from the local galaxy luminosity -black hole mass relation.
To some extent, the lack of clear trends here may be due to an admixture of objects reddened by foreground galaxies. In particular the low accretion rate objects may include some objects where the reddening is from an intervening galaxy through a chance alignment, perhaps from a galaxy in the same group or cluster. F2M1532+2415 is a good example of this, with an apparently highly-disturbed, early stage merger morphology, but both a low accretion rate and a low star formation rate, and F2M0834+3506 is a very good candidate for a low accretion rate broad-line radio galaxy reddened by a foreground irregular galaxy.
In summary, our observations are consistent with the simplest evolutionary models, where a merger induced starburst triggers a obscured quasar which begins life accreting at close to the Eddington rate and later evolves into an unobscured quasar accreting at the ∼ 0.1 of the Eddington rate more typically observed in the normal quasar population. We see no obvious evidence, however, of feedback affecting star formation in this particular sample (though we do see evidence of strong outflows of ionized gas in some objects). Nor do we see a clear sequence or progression from a newborn, highly obscured, high accretion rate AGN with a very disturbed host into a quiescent, almost unreddened object with a lower accretion rate. Our quasars were, however, selected within a fairly narrow range of luminosity (due to the 2MASS detection requirement and restricted redshift range) and reddening (if the reddening were too high, they would be classed as type-2s, but if it were too low they would not be picked out as red quasars), so we might not expect to be able to see much of an evolutionary sequence.
These observations are most consistent with a picture in which the majority of objects undergo the starburst/merger phase well before we see these reddened quasars emerge, though not so long after that evidence for morphological disturbance of the hosts has been erased. The evolution in the black hole mass -bulge mass plane is then a shift along the bulge mass axis by ∼ +0.5dex followed ∼ 10 8 yr later by a shift along the black hole mass axis by a similar amount. In one case, however, (F2M0915+2418) we do seem to see the starburst and accretion happening simultaneously. As our selection techniques for the dust-reddened quasar population expand, particularly as mid-infrared selected samples become large enough to include significant numbers of reddened type-1 quasars we expect to be able to expand our samples considerably, and trace out more of the evolutionary scenario.
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APPENDIX

APPENDIX: NOTES ON INDIVIDUAL OBJECTS
F2M0729+3336
This object lies outside the SDSS coverage, so photometry from the ESI spectrum was used when constructing the SED. Both the silicate feature and the optical SED are well fit with a reddening of E(B − V ) = 0.83 ± 0.22. The object is detected in the X-ray by Chandra with six hard X-ray photons (Urrutia et al. 2005) . It has an accretion rate close to (formally slightly in excess of) the Eddington limit, but no evidence of cool dust from substantial star formation activity, though the host galaxy appears disturbed. The inferred black hole mass lies significantly below the black hole mass -bulge luminosity relation, consistent with our observation that the black hole is still growing rapidly.
F2M0825+4716
Another high accretion rate object, but this one also has a strong starburst component in the far-infrared. The host is very disturbed, but, if the fit to the central component of the galaxy only is considered, lies close to the black hole mass -bulge luminosity relation. The strong black hole growth would thus take it significantly above the relation within a Salpeter time, if it were not for the high star formation rate, and the likelihood that some of the extended components of the host galaxy would merge with the central one in that timescale. As such, F2M0825+4816 is a prime example of black hole -host galaxy co-evolution.
F2M0830+3759
The lowest redshift (z=0.414) object in our sample, with a strong Chandra detection (Urrutia et al. 2005) . A deeper X-ray spectrum with XMM reveals a cold or only moderately ionized absorber with a column density consistent with it being associated with the dust causing the quasar reddening, as well as an Fe Kα emission line from a reflection component (Piconcelli et al. 2010) . This object has a relatively massive host galaxy, and the object lies below the black hole mass -bulge luminosity relation. Nevertheless, the accretion rate is relatively high L/L Edd ≈ 0.4, so again, this quasar may be able to build black hole mass effectively. The star formation rate is constrained to be relatively low, ∼ 10M ⊙ yr −1 . F2M0834+3506 This object has little or no silicate absorption, inconsistent with the observed reddening in the optical. The HST/ACS image too suggests that this, rather than being a post-merger system, may be a normal quasar obscured by a foreground irregular galaxy. The spectrum shows multiple-peaked permitted lines, with three identifiable components, one at the same redshift as the forbidden lines, one at ≈ +3600kms −1 and one at ≈ −5100kms −1 . The object is the only one of two in our sample to show multiple-peaked permitted lines, typically only seen in low accretion rate, radio-loud objects (Eracleous & Halpern 2003) , and our analysis indeed confirms a low accretion rate and a relatively low star formation rate. It lies a little above the local black hole mass -bulge luminosity relation, consistent with the idea that this object is a fairly normal quasar obscured by dust from a foreground object.
F2M0841+3604
Consistent the very irregular morphology, this object is well-fit by the simple cold dust screen model. It has both a moderately-high accretion rate and moderately-high star formation rate, lying below the black hole mass -bulge luminosity relation. The radio information reveal a steep spectrum point source, while the X-ray image shows a very hard hardness ratio (Urrutia et al. 2005) .
F2M0915+2418
This object is the most luminous quasar in our sample, and is bright enough in the infrared to be detected in the IRAS Faint Source Catalog. The IRS spectrum is an archival one from Sargsyan et al. (2008) . This object has both a high star formation rate and high accretion rate, and is the only one of our high accretion rate objects to fall close to the black hole mass -bulge mass relation in both plots of Figure 4 . Due to its high star formation rate and high accretion rate, it will evolve with a trajectory close to the black hole mass -bulge mass relation for at least a Salpeter time (∼ 10 8 yr). F2M1012+2825 A fairly unexceptional object in terms of its accretion rate, star formation rate and position on the black hole mass -bulge luminosity relation, it does, however have a double nucleus with a separation of only 1.2kpc (Urrutia et al. 2008 ).
F2M1113+1244
Another good candidate for a young quasar, with a high accretion rate (super Eddington; log(L/L Edd ) = 0.4 ± 0.1), high star formation rate (FIR contribution in ULIRG regime; log(L FIR /L ⊙ ) = 12.39), and plotting well below the black hole mass -bulge mass relation. F2M1118-0033 This object shows no clear broad lines in either the optical or near-infrared spectrum. Hα is detected, but is relatively narrow (≈ 1000kms −1 ). There is a hint of broad Paβ in the near-infrared K-band, but it is not strong enough to allow us to estimate a linewidth. The SED is consistent with a reddened quasar. No black hole mass estimate is possible in this case, though we have obtained a limit based on the quasar luminosity and assuming Eddington-limited accretion.
F2M1151+5359
The reddening of this quasar is relatively modest, and the host almost undisturbed. Nevertheless, it has a high accretion rate and relatively high star formation rate, and lies well below the black hole mass -bulge mass relation.
F2M1507+3129
This object has a near-infrared spectrum in Glikman et al. (2004) , however, we obtained an improved near-infrared spectrum with the Triplespec instrument (Herter et al. 2008 ) on the Hale 200-inch telescope on July 11th 2011. The data were calibrated using the A0V star HD127304. The new spectrum clearly shows a double-peaked broad Hα emission line in J-band ( Figure A.11) . The object is the second highest redshift double-peaked quasar currently known, and is more luminous than CXOECDFSJ0331-2755 at z = 1.369, the most distant double-peaked emitter (Luo et al. 2009 ). Like many objects in this class (Lewis & Eracleous 2006) , and indeed similar to the other doublepeaked emitter in our sample, F2M0834+3506, it has a relatively low accretion rate (0.05 Eddington).
F2M1532+2415
The SED of this object is difficult to fit, consistent with the complicated structure seen in the host galaxy image. Despite a red continuum, the IRS spectrum lacks silicate absorption. The far-infrared luminosity is very low, the accretion rate is also low and the object lies close to the black hole mass -bulge mass relation. As of now the underlying physics responsible for the reddening and host disturbance is difficult to explain.
F2M1656+3821
This object has a relatively low star formation rate (barely above the LIRG regime; log(L FIR /L ⊙ ) = 11.19), but a high accretion rate (roughly Eddington rate), and should be able to accrete matter onto the black hole to move up to the black hole mass -bulge mass relation from its current position ≈ 0.5 dex below. It is also the object that is clearly in quadrant 2A of the Spoon et al. (2007) diagram, since it has such a deep Silicate absorption feature.
